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Four groups o f autopolymerizing acrylic resins used for various purposes in 
current dental practice were investigated by m onitoring  their temperature 
changes during the polymerization process, Resins were compared in terms 
o f characteristic parameters (such as the tim e interval needed to reach 
mechanical stability and the m axim um  temperature generated during the 
polym erization process) and interpretations were made o f such temporal 
temperature profiles. I n t j  Prosthodonl 1995;8 :259-264 .
crylic resins used in modern dental treatment 
undergo considerable changes of their thermal, 
mechanical, and optical properties during the process 
of polymerization. The polymerization history not only 
affects the long-term stability of the resin, but is to 
some extent also believed responsible for dimensional 
changes.1^'1 The exothermic reaction associated with 
the process of polymerization leads to a local temper- 
ature increase, the magnitude of which depends on 
the rate of heat transfer to the surrounding medium.3,6 
To achieve a homogeneous polymeric material and 
more importantly to avoid damage to pulpal tissues, 
the generated heat must be extracted/'“ The following 
effects of temporary heating or cooling of a tooth on 
the pulp vessel system (arterioles, capillaries, venules) 
from the temperature of 37°C were found4: 31 °C, 
decrease of blood flow rate; 42°C, increase of blood 
flow rate; 42°C to 44°C, permeability increase with 
edema; 44°C to 46°C, tendency for erythrocyte aggre­
gation; 46°C to 60°C, stasis and thrombosis.
Accord ing to this scheme, temperature range
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between 39°C to 42°C should be considered as a 
lim it between reversible and irreversible damage of 
the pulp. Healthy teeth are able to withstand tem­
perature extremes between ~7°C to 75 °C without 
damage/0 but the temperature of materials coming 
in a direct contact w ith  the internal tooth tissue 
during dental care should not exceed 42°C. In vitro 
measurement of the coronal pulp temperature dur­
ing autopolymerization has been reported in an 
attempt to evaluate various types of acrylic resins.31 
Because of progress in the technology of visible 
l ig h t-p o ly m e r iz e d  resins, these products  w i l l  
become more important in general dental practice 
since increases in temperature are considerably 
lower than those generated by autopolymerizing 
acrylic resins* Dentists must be aware of all poten­
tia l heat-producing sources to m inim ize thermal 
injury to hard and soft oral tissues.12' 14
The purpose of this study was to characterize 
and com pare several au topo lym eriz ing  acry lic  
p o ly m e rs  used in ro u t in e  d en ta l p rac tice . 
Specifically, the total period o f time elapsed from 
the onset of the m ixing of the two components 
until the maximum temperature is reached defines 
the actual time during which the material can still 
be used prior to solidification. Another parameter 
o f interest was the maximum temperature devel­
oped during the polymerization process.
The e x is te n ce  o f a sys tem a tic  c o rre la t io n  
between the temperature-time ratio and the differ­
en t ca tego ries  o f inves tiga ted  m ateria ls  was 
addressed and the materials were compared.
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Table 1 The Nine Autopolymerizing Acrylic Resin Materials Investigated
_______________ _ . — -- ■ ■ - - m i i  ...... .....  i n i—---------- ‘ i n —‘—“l n i i f r Vl ,,i>  i l'l
Brand Genera! use
A Fastacryl Repairs
B Palavit G Casting
C Canduior Repairs
D Rebaron Temporary relining
E Coerect Temporary reiining
F Palavit 55 Provisional crowns
G TMJ Articulators
H Special T ray Impression trays
i Ostrón 100 Impression trays
Manufacturer
Tjaden, Utrecht, The Netherlands 
Kulzer, GmBH, Hamberg, Germany 
Canduior AG, Zurich, Switzerland 
GC International, Tokyo, Japan 
Coe Laboratories, Chicago, USA 
Kulzer, GmbH, Wehrheim, Germany 
TMJ Instruments, Santa Ana, USA 
De Trey GmbH, Wiesbaden, Germany 
GC International, Tokyo, Japan
Mixing Polymerizing
Fig 1 Experimental sei up for 
m easuring  Ihe evo lu tion  of 
temperature during the poly­
merization process in acrylic 
resin materials. The tempera­
ture sensor is a silicon diode 
D,. Diode D., serves for the 
compensation of ambient tem­
perature.
Materials and Methods
Nine different autopolymerizing dental acrylic 
resins were investigated (Table 1). Based on their 
origin and specific dental application, these mate­
rials (abbreviated herein as A, B, C,. . I) were 
placed in four categories. Fastacryl (A), Palavit (13),
ization process in situ (luring the entire chemical
reaction.
The experimental design used in this study is 
shown in Fig I. A low -pow er silicon diode D, 
(M ode l IN 4 1 4 8 , P h ilip s , I in d h o ve n , The 
NcMherlands), biased with a constant forward cur­
rent of 0.5 mA, was used as a temperature trans
and Canduior Physioset (C) constituted group I; ducer. The typical voltage drop across the diode
these materials are intended for extraoral purposes 
only and are generally used for denture repairs and 
post patterns. Group II included Rebaron (D) and 
Coerect (E), frequently applied for temporary relin­
ing (in the mouth) of complete and partial den-
was approximately ().(> V, with a temperature coef­
ficient of -2  m V / r  between 10 0 'C and 100'C 
(typical for semiconductor silicon junctions). Allei 
completing mixing of monomer and polymer com­
ponents, the acrylic resin material was poured intc
tures. Palavit 55 (F), used for provisional crowns a dappen dish that accommodated a diode anc
and inlays in the mouth following preparation of simultaneously served as a vessel (fixed volume o 
the teeth, was the only representative of group III.
Finally, a resin for articulator condylar guidance 
(G) and impression tray materials (H) and (I) were 
assigned to group IV.
A differential calorimeter technique, used here 
as the experimental method, is capable of record­
ing temperature within the specimen in the real 
time. Thus, it enabled monitoring of the polymer-
I cm ') in w h ich  the p o ly m e r iz a t io n  process 
occurred. A second identical diode O , was placec 
in the proximity of the* vessel lo compensate for the 
effect of ambient (laboratory air) temperature drift 
The d iffe ren tia l signal was fed in to  x-t char 
recorder (Model BD I I lin-log, Kipp and Zonen 
Delft, The Netherlands). To prevent the effect o 
turbulence during the measurement, both dapper
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Table 2 Measured Characteristic Parameters of a Temperature Profile During 
Polymerization
Group Symbol Material
t *lon
(sec)
t * 
(sec)
t 4- t *lon ~ ‘ma*
(sec)
FWHM
(sec)
* A W
(K)
A Fastacryl 114 352 466 92 27.4
I B Palavlt G 73 299 372 102 28.5
C Candulor 400 248 648 111 31.3
II D Rebaron 191 284 475 144 22.0
E Coerect 200 218 418 152 12.0
III F Palavit 55 < 15 279 290 170 18.0
IV G TMJ 130 260 390 148 21.0
H Special tray 138 181 319 168 22.0
I Ostron 100 24 196 220 360 14.0
See Fig 2 for meaning of these parameters.
Fig 2 Typical temporal profile 
of temperature with character­
istic param eters being d is ­
played, The abbrevia tion 
FWHM refers to a full peak 
width at half maximum height,
dish and compensating diode D2 were covered by 
a large glass lid. For each sample, a new diocle D 1; 
originating from the same manufacturer and from 
an identical series, was used. The diodes were cali­
brated in the 10°C to 30°C range by submersion in 
distilled water with a well-controlled temperature.
Results
A typical time-dependent temperature profile 
observed during the process of polymerization is 
shown in Fig 2. The origin of the horizontal axis cor­
responds to the instant at which the mixing proce­
dure of monomer w ith  polymer was initiated, A 
slight but sharp initial temperature drop 0°C to 2°C) 
observed in Fig 2 is ascribed to the effect of the cold 
mixture coming into thermal contact with the diode 
sensor. The cooling effect produced by partial evap­
oration of the volatile monomer component was fol­
lowed by a phase during which temperature tended 
to reequilibrate. During this time period, no excess 
heat was produced in the sample. For times t 
exceeding tQn, the slope of the curve changed, incii-
cating onset of the polymerization process associ­
ated with release of heat. Eventually, the tempera­
ture increased sharply because of the accumulation 
of heat, and reached maximum A Tnm at tlmx. An 
exponential decrease observed for t>  tnm depended 
on the rate of heat loss resulting from thermal con­
duction. At tmax, the heat production equaled the 
rate of heat loss, and the polymerization process 
was completed shortly after. Table 2 displays rele­
vant parameters obtained from temporal tempera­
ture profiles.
Discussion
The histogram in Fig 3 was constructed with 
data that refer to the first part of the temperature 
curves, it suggests that reaction time tnm showed a 
tendency to decrease from group I (average 5 min­
utes) to group IV (average 3.5 minutes). However, 
in practice only the total polymerization time ton + 
tnwx is of interest. This parameter has the largest 
value for C (Candulor, about 11 minutes) from 
group I and D (Rebaron, about 8 minutes) and E
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Fig 3 Histogram showing tan and tmax for acrylic resin mate 
rials given in Table 2.
Fig 4 Reaction time tmax plotted versus the peak width 
FWHM shows an inverse dependence between these two 
quantities (see Table 2 for the meaning of the symbols).
(Coerect, about 7 minutes) from group II. Lowest 
values were found for materials from group IV, in 
particular for I (Ostron, about 4 minutes).
The data from Table 2 were also used to con­
struct Fig 4. It is most apparent that slowly poly­
merizing materials (large tmax) seemed to exhibit 
narrower full widths at half maximum (FWHM) 
temperature peaks, and vice versa. It is probable 
that during more rapid polymerization, two com­
peting processes (ie, release of reaction heat and its 
dissipation to the ambient environment) tended to 
overlap, resulting in the flattening of temperature 
profile. Time interval (for t > tmax) needed for AT to 
reduce to 1/e2=0.13 of its maximum value is 
another characteristic parameter. Fitting the tempo­
ral profile of the temperature T(t) with a series 
expansion T(t) = a f s gives a = 806.5 ± 0.2 and ft = 
-5.5 X 10-3 ± 2.6 X 10~4 for Candulor and a = 
559.5 ± 0.2 and B = -5.4 X 10~3 ± 2.0 X 10'4 for 
Coerect. The figures behind a and S values are the 
standard deviations of these coefficients.
The maximum temperature increase, AT plot- 
ted versus the width of the temperature peak 
(FWHM) is shown in Fig 5. The values of ATe i * i  FflSX
found in this study (between 12.0°C and 31.3°C) 
are higher (by about 50%) than those recorded 
during the experiments that simulated the realistic 
environment in the tooth, mainly because of the 
larger specimen mass used in this work. Never­
theless, comparison of different materials is possi­
ble. The product of the temperature increase
FWHM (sec)
Fig 5 Maximum temperature increase AL», versus peak 
width FWHM. Solid line represents a hyperbola indicating that 
a product of these two quantities is approximately constant for 
most of the investigated materials (see Table 2 for the mean­
ing of the symbols).
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Fig 6 Maximum temperature increase ATmax plotted versus a 
total time prior to solidification tm + tmax. Solid line described by 
equation (3).
A Tmax and the peak width FWHM provide an esti­
mate o f the peak area. The latter is proportional 
to the total energy Q released during the poly­
merization, ie:
CO
Q = 1 AT(t) dt « K ATmax FWHM (1 )
where K is an instrument constant. The solid line in 
Fig 5 represents a hyperbola satisfying the equation:
A Tmax FWHM = 300 degrees second (2)
For a majority of the investigated materials/ the 
experimental data were closed to this hyperbola, 
suggesting their reaction energies are comparable. 
The only exceptions were E (less energetic) and I 
(more energetic). Consequently, Fig 5 leads to the 
conclusion that a single product exhibiting simulta­
neously low temperature increase and narrow tem­
perature peak apparently does not exist.
A no the r w ay to v isua lize  the tem perature 
increase is shown in Fig 6. In this plot, the temper­
ature A Tmax appears to be proportional to the total 
time L n + t The solid line satisfies the equation:
on nicix
A Tmax (K) = 0.060(K/sec) [fon(sec) + fmax(sec)] (3)
From such behavior it follows that products with 
lower temperature production w ill solidify first, 
and vice versa. A systematic temperature-time 
increase is observed for materials from group IV to 
group I (an obvious exception is the product E).
Conclusions
Nine autopolymerizing resins were divided into 
four groups and their temperature profiles during 
polymerization were established. Within the lim i­
tations imposed by the selection of materials and 
the conditions of the study, the following conclu­
sions may be made:
1. The materials used for extraoral purposes and 
those for in-mouth applications exhibited the 
longest total hardening times. The opposite was 
true for impression tray materials from group 
IV. The reaction time alone was inversely 
related to the temporal width of the tempera­
ture peak at half maximum.
2. The temperature profiles initially showed a small 
decrease as a result of evaporation of volatile 
component(s) w ithou t a danger for tooth 
integrity. However, the positive temperature 
peak appearing at a later time might lead to ele­
vation of pulpal temperatures exceeding the 
threshold for irreversible damage. However, only 
the materials intended for repair (group I) and 
extraoral use (group IV) showed a higher temper­
ature increase in comparison to groups II and III, 
characterized by an average A Tmax of 173  K.
3. The dependence o f maximum temperature 
increase on the temperature peak duration (full 
peak widths at half maximum height) for all 
investigated products was inversely proportional. 
Thus, the choice of a material that would gener­
ate a lower temperature increase can be made 
only at the expense of longer tooth exposure.
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Changes Caused by Processing Complete Mandibular Dentures
a
Dimensional changes resulting from processing four mandibular complete dentures with a 
heat-polymerized acrylic resin were compared qualitatively and quantitatively. Measurements 
made before and after processing the dentures demonstrated that shrinkage occurred in all 
dimensions. The greatest shrinkage was found in an anteroposterior direction along 
the borders. The fact that denture material twists rather than contracts linearly during poly­
merization was established by variation in values of the different dimensions measured. The 
pressure areas in the anterolabial and distolingual regions reflected qualitative changes dur­
ing polymerization.
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Removable Prosthodontics, United Dental Hospital, 2 Chalmers St, Sidney, NSW 2101, Australia.—
Ha ini Wang, DDS, New York Veterans Administration Medical Center, New York
The Edentulous Ridge Expansion Technique: A 5-Year Study
The clinical results of a surgical technique which expands narrow edentulous ridges to allow 
for the placement of dental implants were described. Three hundred twenty-nine implants (96 
Tubingen and 233 IMZ) were placed in 170 subjects in sites indicated for ridge enlargement. 
Partial thickness flaps followed by crestal and vertical intraosseous incisions were completed 
for each patient. The buccal cortical plate with a component of the spongiosa was then dis­
placed buccally, and implants were placed in the space created. Second stage surgery was 
completed following 4 months of healing, and a provisional restoration was used to restore 
the occlusal load for 3 to 5 months. Final prostheses were then placed, and the implants 
were considered successful when the final restoration had been in function for 5 months. The 
results showed a success rate of 98.8% (88.5% for the Tubingen and 99,0% for the IMZ). 
However, the criteria used for evaluating clinical success were not discussed in the article.
Sciploni A, Bruschi GB, Calesini G. IntJ Periodont Rest Dent 1994;14:451-459. References: 20.
Reprints: Dr Agostino Sdpioni, Via di Porta Pinciano 4, 00187 Rome, Italy.— Tarek AbdelHalim, BDS,
MS, and Stephen D. Campbell, DDS, MMSc, Department of Restorative Dentistry, University of Illinois at 
Chicago, Chicago
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